Blueberry (Vaccinium corymbosum L.) is well adapted to acidic soils where aluminum (Al 3+ ) can be linked to oxidative stress and antioxidant capacity (AC). Calcium sulfate (CaSO 4 ) is used to alleviate Al 3+ because it does not alter soil acidity. However, the role of Ca addition in AC, based on a single electron transfer reaction (SET), remains unknown. The aim was to evaluate the AC using SET methodologies, i.e., 2,2-diphenyl-2-picrylhydrazyl (DPPH), 2,2´-Azinobis-bis (3 ethylbenzothiazoline-6-sulphonic acid) (ABTS) and ferric reducing-antioxidant power (FRAP). Bueberry cultivars Elliot and Jersey were grown and exposed to the following treatments for 15 days: Control (nutrient solution alone, pH 4.5); control+Al (Al); control+Al+Ca (Al+Ca) and control+Ca (Ca). The Ca and Al concentrations, total phenol (TP) content and radical scavenging activity (RSA) were evaluated at 7 and 15 days. The Al+Ca and Ca treatments increased the Ca concentration in the leaves (22%) and roots (40%) of both cultivars compared with the control. The Ca in the tissues varied with cultivar and time. After 15 days, increases in TP, DPPH, ABTS and FRAP were detected. The cultivars showed positive relationships between the TP and AC in the leaves and roots. Thus, CaSO 4 is an important tool to improve the AC in Al-stressed fruit crops grown in acid soils.
Introduction
Great interest has been shown in highbush blueberry due to its high antioxidant capacity compared with other fruits (Howard et al., 2003; Dragović-Uzelac et al., 2010) , which provides interesting potential benefits for human health (Heinonen, 2007) . This capacity is attributed mainly to antioxidant phenolic compounds with important functions, such as free radical scavengers, hydrogen-donating compounds, singlet oxygen quenchers and/or metal ion chelators (Howard et al., 2003) . The antioxidant capacity (AC) is associated with overcoming stresses caused by environmental factors, which may trigger an overproduction of reactive oxygen species (ROS) in plant cells (Yamamoto et al., 2002; Ma et al., 2007) . Several studies have reported that enhanced AC is involved in the mitigation of oxidative stress in crop plants, improving their performance under the influence of this stressor. The antioxidant features depend on several factors such as cultivar, growing season, location and soil properties (Howard et al., 2003; Dragović-Uzelac et al., 2010) .
Highbush blueberry is commonly cultivated in soils with a pH between 4.0 and 5.5; however, it is well known that in acidic soils, high amounts of toxic Al 3+ can be released into the soil solution, damaging the roots and retarding shoot growth (Reyes-Díaz et al., 2011) . This cation may be associated with ROS production, which induces oxidative stress in cell organelles (Yamamoto et al., 2002; Ma et al., 2007) .
To reduce Al 3+ levels in the soil and reverse its harmful effect on plants, a common agricultural practice is to add a calcium amendment in the form of calcium sulfate (CaSO 4 ) (Takahashi et al., 2006) . For plant species well adapted to acidity, such as blueberry, CaSO 4 represents an optimal alternative because it does not alter soil pH (Meriño-Gergichevich et al., 2010; Reyes-Díaz et al., 2011) . The effect of CaSO 4 on biochemical features such as the antioxidant capacity of blueberry has been poorly studied. Reyes-Díaz et al., (2011) as an oxidant (Benzie and Strain, 1996) ; ii) 2,2'-azinobis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS), where ABTS ·+ is the radical cation used for the assay (Re et al., 1999) ; and iii) The Folin-Ciocalteu method or total phenolics assay (Singleton and Rossi, 1965) .
However, these methodologies have shown different results for the same species and growing conditions.
The aim of this study was to compare different methods for determining the antioxidant capacity of two blueberry cultivars exposed to Al 3+ and ameliorated with CaSO 4 at two evaluation times.
Material and Methods

Plant material, growth conditions and treatments
A controlled experiment was carried out in the growth chamber at the Faculty of Agriculture, University 
Antioxidant capacity determination
The antioxidant capacity of fresh leaf and root tissue was determined. The leaves were freeze-dried using a Lyovac GT 2 (Steris GmbH, Germany). The dried material (30 mg) from the plants was frozen in liquid nitrogen (-196 ºC) , powdered in a mortar, and homogenized with 1 mL of 80% methanol (v/v).
The extracts were incubated in an ultrasonic bath for 15 min, shaken for 2 h on a rotation homogenizer at 15 rpm, and then centrifuged at 10,000 g for 15 min (Eppendorf centrifuge 5451C, Germany). The supernatant was recovered and used for analysis.
Total phenol concentrations
Total phenols (TP) were determined using the FolinCiocalteu reagent following the method of Slinkard and Singleton (1997) . The absorbance of the samples was measured using a UV-VIS spectrophotometer at 765 nm. The TP concentration was expressed as μg gallic acid equivalent (GAE) per g -1 DW.
DPPH radical scavenging analyses
The free radical scavenging capacity of the leaves and roots was determined according to the procedure using the stable DPPH radical (Brand-Williams et al., 1995) .
ABTS· + radical scavenging capacity
The radical scavenging capacity of tissue extracts was evaluated using the ABTS method according to Re et al. (1999) . This method is based on the ability of antioxidant molecules to decolorize the radical Meriño-Gergichevich et al.
cation ABTS· + , a blue-green chromophore with characteristic absorption at 734 nm.
FRAP assay
The FRAP assay was conducted according to Benzie and Strain (1996) . This method is based on an increase in the absorbance at 593 nm due to the formation of tri-pyridyl-S-triazine complexes with Fe 2+ [TPTZ-Fe (II)] in the presence of a reducing agent.
Experimental design and statistical analyses
The experimental design corresponded to a factorial were performed using Sigma Stat 3.1 (SPSS Inc., Chicago, IL, USA).
Results
Calcium and aluminum concentration in tissues
The Ca treatment significantly increased the Ca concentration in the leaves of both cultivars (up to 40%) at 7 and 15 days in comparison with the control, whereas in plants subjected to the Al+Ca treatment, an increase in the Ca concentration was observed in the Elliot (30%) and Jersey (21%) cultivars for the same periods (P≤0.05; Table 1 ). The S concentration in the leaves of Elliot was 30% and 35% higher in the Al+Ca and Ca treatments, respectively, compared with the control at 7 days (data not shown). In both cultivars, the highest foliar Al concentration in comparison to the control was observed in the Al and Al+Ca treatments at 15 days (45%) (P≤0.001; Table   1 ). In Jersey roots, the Ca treatment increased the Ca concentration by up to 22% in comparison with the control at 15 days (P≤0.05). However, no significant increase in the amount of Ca was observed in comparison with the control in both cultivars exposed to the combined treatment (Al+Ca). Nonetheless, in the Al treatment, a statistically significant decrease in the Ca concentration was found in both cultivars compared with the control at 7 and 15 days ( Table   1 ). The highest increase in the Al concentration in the roots of both cultivars was observed in the Al treatment followed by Al+Ca (P≤0.001; Table 1 ).
The S concentration in the roots of Elliot subjected to Al+Ca did not increase significantly at either time period in comparison with the control (data not shown).
Total phenols
The Yang et al. (1996) 
Discussion
It has been reported that under acidic (pH≤5.5) conditions, significant correlations between low pH and high Al 3+ (at micromolar concentrations) exhibit phytotoxic effects in many cultivated plants (Foy, 1998 (Foy, 1988) . Although
CaSO 4 soil amendment has been used as a Ca source and to ameliorate the toxic effects of Al 3+ in acidic environments (Takahashi et al., 2006) , the effect of its application to berry plants has scarcely been reported, It has been reported in the literature that Al 3+ triggers oxidative stress by increasing ROS generation in cell organelles, which activates enzymatic and nonenzymatic antioxidant responses (Yamamoto et al., 2002) . In particular, phenolics have an optimal chemical structure for radical scavenging activity due to their considerable ability to act as hydrogen or electron donors and to chelate transitional ion metals (Huang et al., 2005; Oroian and Escriche, 2015) . The biosynthesis of phenol compounds is considered to be responsible for the antioxidant capacity of blueberry Table 2 ). In Elliot, however, a negative correlation was found for the same period (r= −0.73; P≤ 0.01). Heinonen (2007) reviewed the genetic and environmental factors that could affect phenolic composition in blueberry plant tissues. In the roots of Elliot (at 7 and 15 days) and Jersey (at 7 days), TP was negatively correlated with the Ca content ( Table 2) On the other hand, the Al treatment in our study was linked to leaf TPs in Jersey at 15 days (r= 0.64; P= 0.02) ( Table 2 ). Root TPs were highly correlated with Al in Elliot and Jersey at 7 days (r= 0.91; P≤0.001 and r= 0.83; P≤0.001, respectively) ( Table 2) . However, at 15 days, this relationship was not observed in Elliot, while it was negative in Jersey (r = -0.60; P= 0.04), indicating the activation of other resistance mechanisms, including antioxidant enzymes.
The strong relationship between the phenolic content and antioxidant capacity in blueberry has been well documented (Howard et al., 2003) . Our findings show strong positive correlations between the TP and RSA measured in the leaves and roots using the DPPH and ABTS methodologies (Table 3) , similar to the reports for leaves of black currant (Ribes nigrum L.; Tabart et al., 2007) , Jerusalem artichoke (Helianthus tuberosus L.; Yuan et al., 2012) , blueberry (Pervin et al., 2013) Meriño-Gergichevich et al. and Origanum vulgare leaves (Majeed et al., 2015) . The reducing power measured using the FRAP assay is generally linked to the presence of reducing substances. These substances donate hydrogen protons to free radicals and thereby break their chains and destabilize those (Huang et al., 2005) . They may thus serve as a significant indicator of antioxidant capacity in different plant species (Pervin et al., 2013) . In this study, the leaf FRAP in all treatments showed a lower capacity in Elliot compared with the control (Figure 4 ). In the roots of Elliot plants,
Al toxicity significantly increased FRAP at both evaluation times and was significantly correlated with TP (r= 0.94) and DPPH (r= 0.69) at 7 days (Table 2 ).
This suggests that for this cultivar, the roots possess a more pronounced antioxidant mechanism against toxic Al
3+
. Subsequently, the correlation coefficients between FRAP and TP (r= 0.87), DPPH (r= 0.75) and ABTS (r=0.65) indicated that phenolics make a greater contribution to the reducing power (Table 3) .
Moreover, Jersey showed a significantly higher FRAP capacity in the leaves compared with the control at both sampling points, which was probably influenced by the vitamin C content according to Guo et al. (2003) and Pervin et al. (2013) .
In conclusion, the addition of CaSO 4 to blueberry Significance designated as *P≤ 0.05; **P≤ 0.01; ***P≤ 0.001.
